temperature measurements was estimated to be within ±5°C. A vacuum of about 10-1 torr was used to protect the graphite dies from oxidation.
Pressure was applied by a manually operated hydrauli~ jack which moved against the water-cooled copper ram. Compaction of the powders was recorded continuously with a linear variable differential transformer which measured translation of the hydraulic ram with respect to the furnace top.
B. Sample Preparation
In this study, specimens were prepared from Baker and Adamson Thirty gram batches of magnesium oxide with 2 wt. % of lithium fluoride were mixed by tumbling the powders in isopropyl alcohol. The slurries were then dried in an oven. The resultant cakes were broken, hand-stirred with a spatula, and placed in a dessicator under vacuum for several hours before hot-pressing.
C. Procedure
For most experimental runs a constant pressure in the range of 570 to 4000 psi was applied at room temperature and maintained during the heating and soak times. This pressure was released before the temperature was lowered from the soak temperature. The specimens were heated at a rate of 5. 5°C per min. until the desired fj_nul tcmperuture in the range of 775 to 975° was reached. They were then held there from
The hot-pressed samples in a.ll cases were slowly heated overnight to 1300°C and held for 3 hrs. Then, they were ailowed to cool in the furnace. This heat treatment was done in air in a small Kanthal-wound vertical tube furnace with the specimens standing freely on a pedestal. increases the time, and thus the temperature, required to complete densification during hot-pressing .. I.t should be noted that complete densification was not achieved at 580 psi within the temperature limit of the experiment and that no discontinuity occurred in the densification curve at 846°C, the melting point of LiF.
The dependence of the final heat-treated appearance on the hotpressing conditions is indicated in Table I . From data in Fig. 3 and 'i Table I it is evident that this is a kinetic process and that there is a proper combination of temperature, pressure, and time required to produce a satisfactory specimen. In addition, the data in Table I indicate that a relative density of 99.5% or greater, based on the theoretical density of MgO, must be achieved during hot-pressing in order to develop transparency during the subsequent heat treatment employed in this study. It is expected that the critical hot-pressed density would vary as the parameters of the subsequent heat treatment are varied. It was also· observed that a certain degree of translucency in the hot-pressed specimens was a necessary but not sufficient condition for eventua+ transparency.
Grain growth occurred during processing. Several examples of hot-pressing conditions and resulting grain size are: 2840 psi applied at 850°C and held 10 min. -0.3~; 2275 psi applied at room temperature, heated to 850°C, and held 3 hrs. -1.2~ (Fig. 4) ; and 2275 psi applied at room temperature, heated to 900°C, and held 3 hrs.
1.9~ (Fig. 5 ).
Specimens that became transparent during the subsequent specified heat treatment had a final grain size of approximately 20~.
In this study most of the batches were made with 2 wt. % of LiF, but some were prepared with up to 4 wt. % additions. In all cases, A liquid phase sintering mechanism does not appear to be operative because complete densification can be achieved at temperatures where no liquid was observed. Furthermore, the sintering process did not seem to be affected in experiments whose temperature range passed through the LiF melting point where a liquid actually appeared.
In hot-pressing, stress-enhanced bulk diffusio~ is often considered to be the densification mechanism following the initial rearrangement both of which, in this case, could be favorably influenced by tl'H~ Grain boundary or surface diffusion in the chemisorbed layer or film of LiF, or some complex composition, resulting from a surface reaction, is a possible mechanism that would also account for the observed grain growth. This mechanism would generally correspond to the "activated surface" layer hypothesis proposed by Tacvorian. 2 Further enhancement of diffusivity could be realized by the applied pressure, the overall effect being an increase in densification rates comparable to the experimental results. Unfortunately, the ru1alysis of the composition of such thin layers is presently not possible with the microprobe.
The rapid densification which occurs at relatively low temperatures and stresses suggests that some type of deformation process may be the operating mechanism but that it is dependent upon the presence of LiF and the fine particle size. The stress levels, calculated on the basis of the bulk specimen, however, appear to be too low in the temperature range where densification is observed to begin. General bulk plastic deformation of MgO particles constrained in some way and randomly oriented, would require dislocation motion on both the{llO} This study has shown that the process is dependent upon the presence of LiF and upon the fine particle size of MgO powder. ·Two densification processes appear to be possible: a plastic deformation process, and/or an enhanced diffusional grain boundary creep process.
In the former case the small size of the particles in the powder would allow some favorable orientation and deformation of the particles at reduced temperatures and stresses, particularly in the early stages of densification. In the latter case, the LiF film, or a film of complex composition formed by reaction,on the fine particles, which have a high surface/volume ratio, 'fOUld provide an "activated layer" tllrough which an enhanced grain boundary or surface diffusivity could occur. With pressure the deformation along grain boundaries could be creep-like in nature but enhanced in the regions of higher stress.
Studies on this problem are continuing in this laboratory.
Particular objectives are a more definitive kinetic and quantitative analysis of the densification process, and a specific evaluation of the operating mechanisms. Another objective is an evaluation of the powder characteristics that play a part and are critical in the densification mechanisms. This point is of special concern since the process with the steps as outlined does not produce transparent polycrystalline specimens with all MgO powders. . . This report was prepared.as an account of Government sponsored work.
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